The annual maximum discharge data of six gauging sites have been considered for L-moment based regional flood frequency analysis of Tripura, India. Homogeneity of the region has been tested based on heterogeneity measure (H) using method of L-moment. Based on heterogeneity measure it has been observed that the region consist of six gauging sites is homogeneous. Different probability distributions viz. Generalized extreme value (GEV), Generalized Logistic (GLO), Generalized Pareto (GPA), Generalized Normal (GNO), Pearson Type III (PE3) and Wakebay (WAK) have been considered for this investigation. PE3, GNO and GEV have been identified as the candidate distributions based on the L-moment ratio diagram and DIST Z -statistics criteria. Regional growth curves for three candidate distributions have been developed for gauged and ungauged catchments. Monte Carlo simulations technique has also been used to estimate accuracy of the estimated regional growth curves and quantiles. From simulation study it has been observed that PE3 distribution is the robust one.
INTRODUCTION
Flood frequency estimation is an important task for proper planning of water resources project. In design of hydraulic structures such as dams, spillways etc. flood frequency estimation for large return periods is essential at the site of interest for proper planning. The reliable estimation of flood frequency is depends mostly on the data availability and the method used. At a single site, frequency analysis method may suffer from sampling variability due to data availability, especially for estimating return period that exceed the length of observed data. The regional frequency analysis based on L-moment parameter estimation method proposed by Hosking (1990) overcomes difficulties faced for at site estimation due to data availability. In regional frequency analysis, index flood procedure first introduced in hydrology literature by Dalrymple (1960) is used with Lmoments by Hosking and Wallis (1997) . Recently, regional flood frequency method has been used world wide for estimation of design flood in various countries. In India, L-moments based regional flood frequency analysis was carried out by Paradia et al.(1998) and Kumar et al.(1999 Kumar et al.( , 2003 Kumar et al.( and 2005 to developed flood frequency relationship for both gauged and ungauged catchments for different regions. In addition to this, some other recent application of regional flood frequency analysis includes Atiem and Harmancioglu (2006) , Saf (2008) and Hussain and Pasha (2008) .The present study has been undertaken up to estimates quantiles, based on L-moment approach for gauged and ungauged catchments of Tipura, India and to measure the accuracy of the estimated quantiles, Monte Carlo simulation procedure is used. For this various distributions viz. Generalized Extreme value (GEV), Generalized Normal (GNO), Generalized Pareto (GLP), Generalized Logistic (GLO) and Pearson Type III (PE3) have been used. L-moments: Hosking (1990) introduce L-moments of a random variable as a linear combination of Probability Weighted Moments (PWMs). The PWMs, defined by Greenwood et al. (1979) as:
which can be rewritten as: 
For any distribution, the first four L-moments can be The L-moment ratio defined by Hosking (1990) as:
STUDY AREA AND DATA AVAILABILITY
Tripura is one of the North Eastern states of India. The state extends between 22°56'N and 24°32'N and 90°09'E and 92°10'E. Annual maximum peak flood data of six gauging sites of Tripura and varying over 11 years to 28 years in record length have been considered for the study. The catchments area, sample statistics, sample size and discordancy measure of each gauging stations under considerations have been given in Table 1 . The mean annual peak floods of these sites vary from 97.28m 3 /s to 762.2442 m3/s and the catchments areas of these sites vary from 414 km 2 to 2492 km 2 .
REGIONAL FLOOD FREQUENCY ANALYSIS AND ASSESSMENT OF ACCURACY OF ESTIMATED QUANTILES
Discordancy measure for screening the data: Hosking and Wallis (1997) proposed a discordancy measure ( i D ) based on L-moments, to recognize those sites that are grossly discordant with the group as a whole. Discordancy measure, D i for site i defined by Hosking and Wallis (1997) as: A site is regarded as discordant if D i exceeds the critical value given in tabular form Hosking and Wallis (1997) . From Table 1 it has been observed that D i values of all the six gauging sites are less then the critical value of D i for 6 sites i.e. 1.648. Therefore we consider all the six gauging sites for our further study. Homogeneity test: Hosking and Wallis (1997) proposed a heterogeneity measure (H) for identification of homogeneous region and H is defined by The heterogeneity measure H was computed for the study area by carrying out 500 simulations using the four parameter Kappa distribution (KAP) and obtained the value of H as 0.79. Thus the region comprising six gauging sites is identified as homogeneous region. Goodness-of-fit measure Z-Statistics criteria: This measure, Z, decides how well the simulated L-skewness and L-kurtosis of a fitted distribution matches the regional average L-skewness and L-kurtosis values obtained from the observed data. The goodness-of-fit measure for a distribution proposed by Hosking and Wallis (1997) is calculated by using the formula defined as Declare the fit to be adequate if is sufficiently close to zero, a reasonable criterion being . While a number of distributions may qualify the goodness-offit criteria, the most potential will be the one that has the minimum value. The DIST Z -statistic values for various distributions are given in Table 2 . It has been observed that the DIST Z statistic values are lower than 1.64 for the three distributions namely GEV, GNO and PE3. So, these three distributions are suitable candidates for the regional distribution and can be used to obtain future quantile estimates. Again, the DIST Z -statistic value is lowest i.e. 0.70 for PE3 distribution. Therefore, it can be concluded that PE3 distribution is the most suitable distribution for this region. The regional parameters for the candidate distributions, which have DIST Z -statistic value less than 1.64, are given in Table 3 . L-moment ratio diagram: The L-moment ratio diagram is a plot of L-kurtosis and L-skewness, which is a useful guideline for the selection of an appropriate probability distribution for a region. In L-moment ratio diagram, the Fig. 1 . It has been observed from L-moment ratio diagram that regional average L-skewness and L-kurtosis point lies closest to the PE-3 distribution but also not far away from both GNO and GEV distributions. Therefore, the three distributions viz. PE3, GNO and GEV can be considered as suitable regional distributions for our study area. Thus, based on both L-moment ratio diagram and DIST Z -statistic criteria, the PE3 distribution is identified as the most suitable distribution for this region.
ESTIMATION OF QUANTILES
For gauged catchments: The quantile estimates ) ( F Q with nonexceedance probability F at each gauged cathments of the study area can be expressed as
Where, ) ( F q is the regional quantile estimates with nonexceedance probability F and Q is the mean of the gauged catchments. The regional quantile estimates with nonexceedance probability F for each of the candidate distributions are given in Table 4 . The Growth curves for each of the candidate distributions PE3, GNO and GEV along with WAK distribution presented in Fig 2. It has been observed that the growth curves of PE3, GNO and GEV distributions are almost identical up to till 200 years return period, that is F=0.995. From then onwards, both the GNO and GEV has higher growth curves, in comparison to PE3 distribution. The WAK distribution has lower growth curve than PE3 distribution from F=0.990 onwards. For ungauged catchments: For ungauged catchments a relationship between the mean annual peak flood of gauged catchments in the region and their physiographic catchments characteristics is developed, which is used to estimate mean annual peak flood for an ungauged site. The relationship developed for the region in log domain using least squares approach based on the data of the study area
where, A is the catchments area, in sq. km. and Q is the mean annual peak flood in m 3 /s. Now by coupling the the quantile estimates ) ( F Q with nonexceedance probability F at ungauged catchments of the region can be expressed as
Where, A is the catchments area in km 2 and ) ( F q * is the regional quantile estimates for ungauged catchments with nonexceedance probability F. Assessment of accuracy of quantile estimates: Assessment of regional frequency analysis based on Monte Carlo simulation technique has been provided by Hosking and Wallis (1997) . The procedure starts with development of simulated region. The simulated region should have same number of sites, record length at each site, and regional average L-moment ratios as the actual data. The L-moments ratios at the individual sites should be chosen for simulated region such that whose heterogeneity is consistent with the heterogeneity measure calculated from the actual data. In the simulation procedure, quantile estimates are calculated for various nonexceedance probabilities. At the mth repetition, sitei quantile estimate and estimated regional growth curve 
The r el a ti ve root me a n s qua re e rror (r ela t ive RMS E) ca n be approximated by squaring and averaging over all M repetitions of and given by For estimating the accuracy of estimation over all of the sites in the region, we compute the regional average relative RMSE of the estimated quantile as
The above equations can be used for the growth curve estimates but with and replaced by and respectively. The 90% error bound for are given by Hosking and Wallis (1997) as Where and are the values between which approximately 90% of the distribution of simulated values of lies. In this study the Monte Carlo simulation procedure suggested by Hosking and Wallis (1997) has been used for accuracy measures for the estimated regional growth curves to each of the candidate distributions on the six 
sites of Tripura, India. For this, 100 simulations of correlated PE3 regions with record lengths the same as the actual regions and L-CV values vary over a range of 0.0838, from 0.1868 at site 1 to 0.2706 at site 6 has been performed and H value obtained as 0.77. This amount of heterogeneity of the simulated region resembles with the heterogeneity value 0.79 of the actual region. Ten thousand realization of this region have been made and the procedures repeated for each of the candidate distributions of the region. The regional average relative root mean square errors and 90% error bounds of the regional growth curves are calculated for each of the candidate distributions and are given in Table 6 . The estimated regional growth curves and 90% error bound of each of the candidate distributions are shown in Figure  3 . The regional average relative root mean square errors of regional growth curves of each of the candidate distributions are shown in Fig. 4 . It has been observed from Table 6 and Fig. 4 that the RMSE value of all the three candidate distributions are almost same upto F=0.900 and from F=0.900 onwards the RMSE values of PE3 distribution become the lowest among all the candidate distributions. Therefore, PE3 distribution performs relatively better in terms of RMSE in upper tail of the distribution. Again, Fig. 3 shows that in the extreme upper tails, the PE3 distribution has the shortest 90% error bounds compared to GNO and GEV distribution. Therefore, PE3 distribution is the robust distribution for our study area. 
Conclusion
The following conclusion was drawn from the regional flood frequency analysis of our study area. In the step of initial screening of the data the discordancy measure was used, the discordancy measure (Table 1) showed that data of all gauging sites of our study area were suitable for using regional flood frequency analysis. For testing homogeneity of the region the L-moment based heterogeneity measure was used, the L-moment based heterogeneity measure showed that the region is homogeneous. The regional flood frequency analysis was performed using the various frequency distributions: viz. GLO, GEV, GNO, PE3 and GPA and KAP. The L-moment ratio diagram and DIST Z -statistic criteria ( Table 2 ) were used to identify suitable candidate distributions PE3, GNO and GEV for the region. The regional flood frequency relationship for gauged and ungauged catchment has been developed for the region. The regional quantile estimates with non exceedance probability F for PE3, GNO and GEV distributions have been calculated. The quantile estimates for each gauged sites and ungauged sites for known catchments areas was obtained by using the Eq.1 and Eq.2. However, more accurate results for ungauged sites can be obtained if more physiographic characteristics other than catchments area are available. A Monte Carlo simulation study provided by Hosking and Wallis (1997) has been carried out to calculate the accuracy measures of the estimated regional growth curves for the three candidate distributions of the study area. Simulation study showed that PE3 distribution is the robust distribution for our study area and can be used for regional quantile estimates for gauged and ungauged catchments.
